Abstract: Identifying ways in which projects add value to owner organizations is an important part of project development and delivery. In addition to standard functional and delivery requirements there are a number of other value-adding attributes that are sometimes difficult to communicate or may not be fully evident to the owner organization. These value adding attributes, or value interests, can be difficult to identify, define, and communicate because too often they are misunderstood, overshadowed by budget or schedule, or too broadly defined for implementation. To address this issue, the Construction Industry Institute in the United States commissioned the development of a method to identify owner value interests, facilitate their communication between stakeholders, and identify engineering and construction response strategies. This paper presents a binary logit regression model for identifying initial value interests based on project characteristics. The model was developed using survey data and tested to ensure that it provides results that are logical and comparable to recommendations made by survey participants.
INTRODUCTION
Effective communication of project expectations is critical to project success. A full range of unique project value-adding attributes (not only cost and schedule objectives) must be identified and communicated to all members of the project team. Ineffective communication of value objectives can lead to misalignment within the owner's project team, as well as between the owner and contractor.
Project value-adding attributes are often not properly communicated. Part of this difficulty stems from the fact that the value-adding project attributes, or value interests, are often misunderstood or even may not be fully recognized by the owners. As a result, the engineering and construction (E&C) providers are left to make their own assumptions regarding owner value interests to fill in their knowledge gaps. Inevitably, this unintentional misalignment between the owner's expectations and the E&C providers' understanding of the project's values leads to conflicts, delays, and a less-than-satisfied owner. Another factor that compromises this communication is that the value interests are often too broadly defined. It is not uncommon for an owner to define their value interests as cost, schedule, and quality. While these broad components are unquestionably critical to successful project execution, they do not convey the complexity of the owner's needs nor the specificity necessary for an E&C provider to develop an effective response strategy. For example, meeting the specified project cost may be critical to an owner. Or, conversely, meeting the specified cost may be important but the owner may be flexible with the cost if it enhances achievement of other, more critical, value interests. Thus, simply communicating cost, by itself, as a value interest does not convey the true value desires of the owner. Similarly, there are countless ambiguous applications of quality in capital project delivery.
In order to identify project value interests, it is first necessary to understand what drives them. An owner's characteristics (company size, business strategy, etc.) tend to be global and may not dictate what the value interests are for a specific project. In addition, a single owner may engage in many different types of projects and the value interests of one project may not be the same as the value interests of another. Instead, value interest drivers may be characteristics of the project itself such as the size of the project, the extent of new technology required, or the activities for which the E&C provider is responsible. For example, the value interests for a refinery project may be more driven by the project location and level of technology than how large the company is or whether the company is Company X or Company Y. In addition, characterization of an owner is impractical, as a sufficient number of "sim-*Corresponding author. Email: idamnjanovic@civil.tamu.edu ilar" owners need to be identified for data collection purposes and the resulting model would only be implementable to those owners. Thus, identifying project characteristics that have the greatest influence on various project value interests would enable owners to select and communicate the value interests appropriate to a specific project. It is important to note that the owner's strategies for a particular project are not solely determined by project characteristics; organizational objectives and market conditions play an important role as well. However, as these factors vary and are often unpredictable, they were not explicitly considered in this study.
In 2008, the Construction Industry Institute (CII) in the United States initiated a research project to develop a methodology to assist in the identification and communication of project-specific value interests and identify an appropriate E&C response (Damnjanovic et al. 2011) . The study team consisted of three academic members and seventeen industry professionals. The industry experts on the team had extensive experience with both the engineering/construction and business requirements of a project. Their backgrounds included presidents and vice presidents, project and division managers, directors of operations and business process improvement, among others. The final product of the research effort was a Microsoft Excel? file, which contains a value interest identification model and provides guidance on developing value interest measurement units, setting their required levels and specifying trade-offs among them (Damnjanovic et al. 2010) . This paper presents the methodology for developing and validating the CII value interest identification model. More specifically, it describes four primary tasks:
1. Enumeration and definition of major elements of study: The value interests and project characteristics included in this study were identified and defined. 2. Survey of industry: A survey was distributed to owner and contractor companies to obtain empirical data that was used to develop and confirm the relationship between project characteristics and value interests. 3. Model development: A binary logit model was estimated using the maximum likelihood method. The estimated parameters were then used to develop a model, which could predict the applicability of a value interest to a specific combination of characteristics. 4. Model validation: The model was validated to ensure its value interest recommendations are realistic and comparable with the recommendations made by the survey participants. This was accomplished by comparing a randomly selected subset of survey responses to the recommendations made by the model for the same project description.
This methodology is presented in further detail in the following sections: first, section 2 provides a summary of relevant research efforts including studies into project value objectives and the application of discrete choice analysis and the binary logit model. Next, the Methodology gives a brief overview of the five primary tasks performed in this study. In section 4, the first of these tasks, the enumeration and definition of value interests and project characteristics are presented. Following this, section 5 expands on the method of data collection including the development and distribution of an industry survey, the type of data received and how it was prepared for modeling, and how the survey data was checked for consistency among different response sources. An overview of the binary logit model, model specification method, and a sampling of the parameter estimates obtained in this study are given in section 6. The two approaches used to validate the model -random sampling of survey responses and a field test -are discussed in section 7. Section 8 provides some implications of the products of this study including conclusions obtained from the survey data itself, implications of the model parameter estimates, and a discussion of some unexpected observations. Finally, section 9 summarizes this study and underscores how the model can be useful to both owners and E&C providers during all phases of project development and delivery.
BACKGROUND

Project Value Objectives
Though it seems the most basic part of project development, identification and communication of project objectives are not always a simple task as project objectives are tied to both the project requirements and strategic needs of the organization (Griffith and Gibson Jr. 1997) . Part of the difficulty of developing and achieving objectives occurs because objectives are frequently ambiguously defined or unachievable goals specified. Lewis (2007) stated that objectives must be SMART: specific, measureable, attainable, realistic, and time-limited. Further, he warned that an objective should describe the result, rather than how to achieve it. Misalignment among project stakeholders can also create complications in the development and achievement of project objectives. Since project team members and stakeholders come from different divisions within organizations, it is natural that they bring with them the priorities or expectations relevant to their experience and functional area (Griffith and Gibson Jr. 1997) . Thus, alignment of all members of the project team behind a common set of project objectives requires reconciling many different priorities and needs. Griffith and Gibson Jr. (1997) identified ten factors that influence alignment during the pre-project planning phase and developed a tool, the Alignment T hermometer, to gauge the project team's success in addressing the ten factors.
The achievement of budget, schedule, and technical objectives is no longer the only criterion for the evaluation of a successful project. Shenhar et al. (1997) identified four dimensions that should be considered when assessing project success. One of these, naturally, relates to the achievement of project constraints, including cost and time. However, the other three dimensions gauge success based on the impact of the project on the customer, end-user and organization, and whether the project positions the organization for future opportunities. Atkinson (1999) suggested there were at least three other aspects of project success criteria (beyond cost, schedule, and quality) that should be considered: the technical attributes of the project, the benefits to the organization, and the benefits to the stakeholder community. Thus, there is a shift occurring in how project success is defined from simply meeting project constraints, to delivering a project that provides the maximum value to an organization.
As a result of this shift, there has been significant recent research into identifying the project practices and management strategies that can add value and maximize the probability of project success. Berman (2006) developed the Speed2V alue T M Road Map, a comprehensive process designed to help organizations focus on and achieve the strategic value of a project. The process is broad enough to be used in any industry and provides guidance on identifying the project's value drivers, documenting measures to gauge project success, and following through to maximize the project's benefits during its whole life cycle, among other activities. The Road Map does not provide recommendations of specific project values but, instead, provides guidance to assist an organization in developing their own. Cooke-Davies (2002) identified twelve factors essential to project success including those related to risk management and ownership, scope changes, alignment with corporate objectives, and continuous improvement through lessons learned, among others. The factors were grouped according to management success (achievement of time and cost), project success (achievement of stakeholder benefits), and corporate success (consistently successful projects).
The CII has also been a sponsor of a number of research projects investigating value-adding practices. The V alue M anagement T oolkit (O'Connor et al. 2003 ) is a comprehensive tool that provides guidance on value-adding practices.
The toolkit includes guidance on selecting the appropriate practice and the optimal time to implement it. The Cost-Schedule T rade-of f T ool (Gokhale et al. 2006) When conducting surveys to capture choice data, the selections available to survey participants are often limited to a number of discrete and unordered options. Frequently, this is the case with surveys on the usage of household products, choices of travel modes or routes, and preferences of news and media sources. These surveys can generate valuable information for companies on the criteria people use to evaluate and choose among their products or allow them to tailor their advertisement to a specific audience. Analysis of past choice behavior can be used to predict future behavior such as how a consumer will respond to a new product or how likely people will be to use a new product or a project such as toll road.
Discrete Choice Analysis
Discrete Choice Analysis (DCA) is a type of method used to model ordered and unordered choices. The DCA outcome is the probability that a particular choice will be made given the characteristics of the alternatives. According to Ben-Akiva and Lerman (1985) , DCA was used as far back as the 1960's to examine binary travel mode preferences and its utilization expanded significantly in the 1970's to include multi-choice (more than two) modal preference, vehicle ownership, and other transportation related choices. Wassenaar and Chen (2001) also used this analysis technique to develop a demand model for integration into decision-based design framework. Rivers and Jaccard (2005) used DCA to analyze steam generation technology preferences among Canadian industrial companies and integrate the results into a hybrid energy-economy model to investigate the effects of different energy policies. In the context of this study, DCA was selected as an appropriate method to analyze the industry survey data. The data collected included ordered, multi-level project descriptions and discrete value interest choices provided by high level project managers. Application of DCA provided the probability of applicability of a value interest for a given combination of project descriptors.
The method used to perform a choice analysis de-pends on several factors, in particular the type of dependent or outcome variables. When the outcome variable is limited to a set of discrete or binary selections, ordinary linear regression is not a suitable option. This is because when the dependent variable is dichotomous, linear regression frequently results in predicted probabilities greater than 1 and less than 0. Instead, the logistic regression model is a widely accepted alternative for this type of numerical analysis (Hosmer and Lemeshow 2000) . The logit model ensures realistic predicted probabilities, between 0 and 1, as well as has the appealing attribute of computational simplicity (Kennedy 2003 ).
The logit model has been applied extensively in engineering and construction studies. Kenley and Wilson (1986) used logistic regression to develop a postcompletion cash flow analysis model, as well as to show that it is the unique character of a project that creates variance from one project to another and not a systematic error. The implication of their study is that the generally accepted s-shaped cash flow models that reflect the industry average are not adequate for cash flow prediction of a unique project. Mohamad et al. (1997) used a mixed logit model (discrete and continuous dependent variables) in a two-stage approach to pavement performance that considered the interactive effects of maintenance and pavement condition. Using logistic regression, Phua (2006) showed the adoption of partnering or collaborating within the construction industry is largely influenced by whether the practice is encouraged by industry norms, rather than by the potential benefits of the practice perceived by individual firms.
The logit model has also been used to a great extent in the evaluation of construction site safety. Weil (2001) used this modeling method to show how repetitive site inspections influence compliance with OSHA safety standards and Seixas et al. (2001) used it to identify the causalities (task, tool use, location characteristics, etc.) of noise levels exceeding OSHA permissible limits to which electricians are exposed. Li and Bai (2006) used logistic regression to examine how different traffic control devices reduce the occurrence of crashes in construction zones.
METHODOLOGY
The goal of the CII study was the development of a methodology to identify project-specific value interests. There were five primary tasks required to achieve this goal, as shown in Figure 1 . The first primary task was to identify and define the value interests to be included in the study and the project characteristics that are the strongest drivers. With this accomplished, the next task was to collect project data reflecting the relationship between value interests and project characteristics. A survey was distributed to owner, contractor, and supplier companies with the assistance of CII and the Construction User's Round Table ( CURT). In the third task, the survey data was analyzed to develop a mathematical model to map project characteristics to value interests. The model would enable the identification of value interests that are applicable to a specific project. Following this, the fourth task was to validate the developed model to ensure that it produces realistic and expected results. This was accomplished through a field test and by comparing model recommendations to value interest selections made in a randomly selected Balancing the project schedule objectives against all other value interests to obtain the best overall achievement of the project objectives.
Process flexibility
The degree to which the project design allows for variation in capacity or composition to maximize the efficiency of the process, minimize future expansion costs, and meet variation in production requirements resulting from changes in the marketplace. Uninterrupted business
The ability of a facility to continue operations to the degree specified by the owner while undergoing or adjacent to major renovations or additions.
set of survey responses. Finally, the last task was to summarize what was learned through this exercise in terms of how a manager or executive can benefit from this knowledge.
ENUMERATION AND DEFINITION OF TERMS
Value Interests
Value interest represents an owner defined project attribute that add some measure of value to the owner organization (Damnjanovic et al. 2010) . A value interest could be a typical project requirement or it could be a feature that is specific to a particular type of project or industry. The common thread between all value interests is the added value to the owner. For example, cost and schedule are value interests as their outcomes directly add/reduce the value of the project to the owner organizations. Energy efficiency, public image, and the design team's level of experience are also value interests. Initially, drawing from their extensive professional experience, the industry experts on the CII study team identified 70 value interests. In addition, the team performed a literature review to identify potential value interests; however, all value interests identified during the literature review were already present in some form in the study team's list. Through several review and revising iterations, redundant value interests were eliminated so that the final list contained 48 terms. Table 1 provides a sample of five value interests and definitions. All of the 48 value interests and their definitions can be found in the report "A Standardized Approach to Identifying and Defining Owner Value Interests and Aligning the E&C Response" (Damnjanovic et al. 2011 ).
An important finding from the process of defining project value interests was that providing granularity in communicating what is important can promote efficiency in the E&C response. Hence, three hierarchical levels of project value interests were defined as shown in Figure 2 (Damnjanovic et al. 2011) . At the macro or broadest level, the overriding priority of nearly every private sector project (excluding safety) is the return on investment (ROI). Every owner desires the highest possible return on project funds; however, this conveys nothing of the owner's project-level value expectations. Communicating cost, schedule, and quality as priorities, while somewhat more granular and descriptive than ROI, still does not communicate sufficient information to allow the E&C providers to formulate a successful response to a value interest.
The 48 value interests developed in this CII study, shown at the bottom of the pyramid of Figure 2, represent the level of granularity of information for which measurable outcome(s) can be identified and acceptable criteria assigned. At this micro level of communications, the value interests are more specific and unambiguous so that the E&C provider can design an approach to address them. Encouraging communica- It has average maturity and/or complexity and the owner has some (but not extensive) experience with it. 4
It has limited commercialization and/or unknown scalability and the owner has limited experience with it. 5
It is ground-breaking with no previous commercialization and the owner has no experience with it.
tion between the owner and the E&C provider at this level of granularity represents the larger goal of this model.
Project Characteristics
It was also necessary to identify initial project characteristics that would likely represent the strongest drivers for selection of value interests. The characteristics must be general enough to be applicable to all projects and industries but also specific enough to capture the features that make a project and its value interests unique. In an exercise similar to the value interest development, the industry experts of the CII study team identified and defined twelve key project characteristics: industry, location, size (in U.S. dollars), degree of technology, complexity, project nature, type of project (scope of work), level of owner's involvement in project execution, strategic importance to the owner, cost driven, schedule driven, and the degree of regulation. In addition, five possible choices, or levels, were defined for eleven of the characteristics. These levels signify an increasing scale from a low value of the characteristic to a high value of the characteristic. For example, the five levels of technology are shown in Table 2 (Damnjanovic et al. 2011) . Since the industry characteristic represents the industry of the project (e.g., pharmaceutical, oil and gas, or manufacturing), the levels of this variable are categorical and cannot be placed in a scaled order. Therefore, this characteristic was given eight unordered levels. Damnjanovic et al. (2011) provides the definitions of all twelve project characteristics and their levels.
COLLECTION OF PROJECT DATA
Industry Survey
With the assistance of CII and CURT, a survey was distributed to owner, contractor, and supplier companies during the spring and summer of 2009. The intention of the survey was to capture both the owner's and the contractor's perspectives on what drives project value interests. It is important to note that the contractors were instructed to answer the survey questions from the perspective of the owner or, in other words, as if they were the owner. In fact, E&C providers (contractors) that have participated in this study have substantial experience with owner organizations and the value interests they seek in their projects. The survey was sent to over 100 CII and CURT companies. Of these, 23 companies (21 from CII and two from CURT) participated and 83 individuals provided data for 190 different projects. Figure 3 As shown, the representation of the pharmaceutical, commercial/public buildings, and infrastructure industries were the same or very similar. However, the oil/gas/chemical and manufacturing industries were over-represented in the survey responses. This was consistent with CII membership and the type of projects in which CII members are involved.
Survey Data
The survey consisted of three steps. In the first step, the participant was asked to describe a completed project with which they have had experience using the characteristics. The characteristic levels were presented to the participant as multiple-choice options. Next, they were asked to review the list of 48 value interests (with definitions) and choose the ten they believe would have been most relevant to the project they described. Finally, the participants were asked to weigh the value interests by assigning a number between 0 and 100 to reflect their relative applicability to the project. The weights of the ten value interests were required to sum to 100.
Each project response provided: (1) choices for twelve project characteristics, describing the project, and (2) ten weighted value interests, describing what value interests were relevant for that project. These responses were then processed to provide a data set that was used for modeling purpose. To this aim, two unique features of the data set were considered: (1) project characteristics choices are defined on an ordinal scale measurement for all but one characteristic; and (2) value interest responses specify an empirical probability mass function for a given combination of project characteristics, where weights correspond to the likelihood of each value interest being selected.
An ordinal scale of measurement for project characteristics was considered using five choice levels represented on an increasing scale. Each level was therefore assigned a value from 1 to 5 with 1 representing the lowest level and 5 representing the highest (see Table 2 ). Since the eight choices for industry were not ordered, they were treated on a nominal scale.
A total of 190 project responses were re-sampled to increase the robustness of the project value interests estimates. In this effort, an empirical distribution of the observed response data defined using value interests weights as an approximating distribution was used (Efron and Tibshirani 1986) . Using these value interest weights, the responses were re-sampled and the data set expanded in an operation similar to statistical bootstrapping. For example, a re-sample from the empirical probability mass distribution shown in Tables 3 and 4 (Damnjanovic et al. 2011) would produce a new sample of 100 responses with identical levels of project characteristics (location, size, etc.). The result of this re-sampling exercise was an increased data set of 19,000 responses in which a project defined by the levels of project characteristics (location, size, etc.) were associated with only one choice of value interests. 
Comparison of Responses
By coincidence, exactly half of the project responses came from owners and the other half from contractors and suppliers. To ensure the inclusion of contractors and suppliers did not skew the data, their value interest choices were compared with those of the owners. The comparison was performed by finding the difference in the frequencies with which each group chose each value interest, as a percentage of the group's total number of choices. The result showed the value interest selections made by each group were strikingly similar. For 39 of the value interests, the difference in frequencies was less than one percent. The greatest difference was observed with the value interest "design team experience"; the owners selected this value interest approximately 2.3% of the time and the contractors and suppliers selected it approximately 5.8% of the time, a difference of about 3.5%. The mean difference of all value interests was 8.1× e −18 , with a 95% confidence interval of ± 1.7%. Thus, there was no indication that the difference between the two groups' selections was statistically significant or that inclusion of contractors and suppliers skewed the data.
6 DATA ANALYSIS
Binary Logit Model
The logit model is part of a family of generalized linear models (GLM). The expected value E(Y ) of a random variable, Y , can be expressed in terms of a set of dependent, or explanatory, variables as:
where β represents a vector of n unknown parameters and x is a vector of explanatory variables. As shown, the expected value of the random variable is linearly related to its predictors. The logit model follows a similar form, however, its expected value is not linearly related to its predictors. Instead, the expected value is related to its predictors through the use of a link function, η, where η is linearly related to the predictors (Liao 1994) . Rewriting Eq. (1) for the logit model using this link function gives:
where the expected value of the logit model is related to η through the expression:
Using Eqs. (2) and (3) and assuming a binary dependent variable, the expected probability that an event will occur (versus not occurring), or the probability Y = 1, can be shown as:
This expression, containing the logit term on the left side, is commonly called a logit model (Liao 1994) . With a few algebraic operations, Eq. (4) can be solved for the probability that the event will occur:
The term logistic model is used when the model takes the form shown in Eq. (5) (Liao 1994) . In the context of the problem of identifying value interests, the probability of an event occurring represents the probability that a given value interest is relevant for a particular combination of project characteristics. The twelve project characteristics are represented in the model by the vector of explanatory variables (x 1 : x 12 ), while the unknown parameters are estimated by the regression of the survey data.
Logistic regression model parameters are estimated using the maximum likelihood estimation method (Ben-Akiva and Lerman 1985; Long 1997; Hosmer and Lemeshow 2000; Menard 2002; Kennedy 2003; Ryan 2009 ). Given that a series of n independent observations of the dependent variable are conditional on a series of vectors of explanatory variables, the likelihood function is simply the joint conditional probability density function of the observations. If the dependent variable is either a success or failure or can only take on the value 0 or 1, it can be described as a Bernoulli random variable. When the expected value of Y given a vector of independent variables x i is expressed as P (Y /x) = π, the joint conditional probability density function (or the likelihood function) given a set of parameters β, is expressed as:
where π Yi i is the probability that Y i = 1 given the vector x, and (1 − π i ) 1−Yi is the probability that Y i = 0. These probabilities follow from Eq. (5) and, therefore, estimates for β are chosen such that they maximize the value of the expression in Eq. (6). This expression, however, is typically used in its log linear form:
If there are j independent variables, Eq. (7) is differentiated j +1 times with respect to β 0 , β 1 , ..., β j , where β 0 is the intercept and (β 1 :β j ) are the parameters of the independent variables. Setting each of the j equations equal to zero and iterating them simultaneously will give values for β that maximize the log likelihood.
Model Specification and Estimation Results
Application of the binary logit model gives, as stated previously, the probability that a particular choice will be made given a specific combination of independent variables. In the context of the CII study, the output of the binary logit model is the probability that a single given value interest will be selected from a set of 48 value interests. In other words, it provides a marginal probability that the considered value interest will be applicable to the project defined using 11 project characteristics. Thus, separate model specification and estimation was conducted for all 48 elements of the value interest set. This approach enables the direct observation of the influence of individual levels of project characteristics on the selection of a specific value interest. Model specification used a backward elimination process (Hosmer and Lemeshow 2000) at a 95% significance level. This process employs model iterations because not all characteristics are statistically significant in explaining the value interest choices. The first model estimation performed for each value interest included all eleven characteristics. The contribution of each characteristic was then reviewed to determine if it would be retained or omitted and the estimation was repeated with the reduced set of characteristics to obtain a new set of parameters. Thus, for a given value interest, there may be fewer than eleven estimated parameters. Because the "industry" characteristic was treated as an unordered categorical variable, the data collected was not sufficient to allow for inclusion of this characteristic as a statistically significant variable in the model.
The result of the model specification and estimation for selected value interests is shown in Table 5 . The first column of parameters is an intercept term and the remaining eleven are parameter coefficients of the characteristics. If a characteristic was not statistically significant for a particular value interest, there is no entry for that parameter in the value interest row. The parameter estimates for all 48 value interests can be found in Damnjanovic et al. (2011) .
Given a project description, Eq. (5) calculates the applicability (probability) of a value interest. However, since the probability (P ) is that of a single value interest being applicable, then (1-P ) is the probability that the given value interest is not applicable or, equivalently, that any of the other 47 value interests (but not any one specifically) is applicable. Thus, Eq. (5) gives only the marginal probability of a value interest being relevant to a project. To aggregate marginal selection for all value interests, the marginals were standardized so that all sum to 1 and each one represents a relative probability. This standardization was performed by dividing each marginal probability by the sum of all of the marginal probabilities.
MODEL VALIDATION
Random Sampling of Survey Responses
To determine if the model actually produced realistic, intuitive results, it was necessary to test it using real project data. First, nineteen survey responses (10% of the number received) were randomly selected and the project descriptions were entered into the model to compare how the model recommendations matched the choices made by the survey respondent. The result was that for 75% of the nineteen projects tested, at least five value interests in the top ten recommended by the model matched those chosen by the survey respondent; almost 30% matched at least seven out of ten. When the top five recommended by the model were compared to the five highest weighted in the survey responses, approximately 65% matched three or more out of five and almost 20% matched four or five out of five. Finally, the top three recommended by the model were compared to the three highest weighted and over 80% matched two or three out of three. The significance of this test is that the model is not only a good fit of the survey data, it also yields recommendations comparable to those made by experienced industry professionals.
Field Test
In addition to random sampling of survey responses, six owner, contractor, and supplier companies validated the model through a field test. The participants used the model to identify their project specific value interests and then reported on the applicability of the model recommendations, as well as their likelihood to utilize the model on future projects. A few participants commented that there are too many value interests and that some appeared to be repetitive, especially the two cost and two schedule related value interests. The consequence of including too many value interests was considered early in the study; however, the goal was to include the core value interests that are present on almost all projects -cost, schedule, and quality, in some form -but also to include the less common and more specific value drivers that make a project unique. Thus, the expansive nature of the set of value interests means not all value interests will apply to every owner or project. The vast majority of comments related to either the usability of the Excel interface in which the model was deployed or the wording of the project characteristic level choices. Some participants found it difficult to select a characteristic level, as they felt their project fell somewhere in between two levels. As a result, the Excel file was revised to instruct users to select the level that most closely represents their projects. Overall, the response to the model recommendations was very positive. Most participants reported the recommendations were in line with what they would anticipate for their projects; however, several stated the model identified value interests that they would not have thought of prior to using the model but were very applicable to their projects. One participant stated that having the model recommendations earlier in their projects would have allowed them to be more specific when writing the project scope. Most said they are very likely to use the model again.
PROVIDING MANAGERIAL IMPLICATIONS
Implications of Survey Data
An examination of the survey data yielded a few noteworthy insights. First, it was anticipated that some of the 48 value interests would not be chosen at all or would be chosen with such low frequency that they could not produce a statistically sound model. Surprisingly, all 48 value interests were chosen with sufficient frequency to allow for reasonable modeling. This indicates that, although the list is extensive and many are somewhat specific, there are no extraneous value interests among the 48. It also means that survey participants saw significance in communicating all 48 value interests and, since the value interests represent project values at a highly granular level, the participants saw significance in communicating value expectations at a granular level. Second, a comparison of the choice frequencies of owners and contractors showed that the two groups may place a similar importance on many value interests. In fact, the seven most frequently chosen set of value interests were the same for both groups (though not in the same order). These most frequently selected value interests -optimum cost, meet the schedule objective, meet the cost objective, operability, constructability, maintainability, and product quality -are related, as would be expected, to budget, schedule, or quality, in some fashion.
Implications of Model
The developed model revealed both expected and unexpected relationships between project characteristics and value interests. For example, the strongest drivers of "meet the cost objective" are the "project type", the extent of "regulation" on the project, and the extent to which the project is "cost driven" (see Table 5 ). It is expected that the extent to which the project is cost driven would be a strong driver of a cost related value interest. Similarly, when a project is highly regulated, the owner may have little control over the funding of certain parts of the project. The "project type" refers to the scope of work for which the contractor will be responsible. Since the estimated parameter for this characteristic is negative, the importance of this value interest increases when the characteristic level decreases (from 5 toward 1). As the level of this characteristic decreases, the scope of work for which the contractor is responsible decreases and changes from later phases (procurement and/or construction) to earlier phases (front-end engineering and design). The implication of this is that as the owner relinquishes control of the earlier phases of project development to the contractor, meeting the specified cost becomes more important to the project. The value interest "meet the schedule objective" has four strong drivers: the project "size" and "complex-ity", the extent of owner "involvement" in the project, and whether the project is "schedule driven". Clearly, a schedule related value interest will be important to a schedule driven project. The estimated parameters for the other three characteristics were negative indicating that meeting the specified schedule becomes less important to the project as the level of these characteristics increase. Thus, as a project becomes highly complex or very expensive, meeting the schedule may become less achievable. This may be a reflection of the reality of the construction process.
Further, the "cost driven" and "schedule driven" characteristics should be stronger drivers of the value interests "meet the cost objective" and "meet the schedule objective" than "optimum cost" and "optimum schedule" since the former two value interests represent the need to meet a specific goal while the latter two suggest that, although meeting the goal is important, there is willingness to make trade-offs to maintain equilibrium among all of the critical value interests. All but one of these relationships was reflected in the parameter estimates. The parameter estimate for "meet the cost objective" was 0.1979, larger than that of "optimum cost", which was 0.1159. A high parameter was also observed for "schedule driven" in the "meet the schedule objective" model. This indicates that there is a stronger relationship between the project characteristic "cost driven" and "meet the cost objective" than for "optimum cost". In other words, when cost is an issue, E&C providers should focus on meeting the stated objective. A similar relationship exists for schedulerelated value interests and the project characteristic "schedule driven".
The "location" characteristic presented as a strong driver of the "uninterrupted business" and "system compatibility" value interests and both parameter estimates were negative (see Table 5 ). As the "location" characteristic level decreases, the construction activities become closer to existing operations and infrastructure is increasingly present. Since the parameter is negative, the two value interests, "uninterrupted business" and "system compatibility", become more important to the project as the level of this characteristic decreases. This is intuitive since as the distance from current operations decreases and the degree of existing infrastructure increases, one would expect the ability to perform construction activities and tie into existing systems with the least interruption would become more important.
Many other such intuitive relationships were observed in the parameter estimates. For example, as the contractor's responsibility for project development and execution activities increases (i.e., the project "type" characteristic increases), so does the need for "business confidence and satisfaction". The project characteristic that is the strongest driver of the value interest "validation-ability" is "regulation", which is also the characteristic that most strongly governs the importance of "green construction", "experience with regulatory compliance", and "environmental impact".
Unexpected Observations
There were also some unexpected relationships discovered. For instance, the parameter estimate for "type" in the value interest model "validation-ability" was strongly positive (1.0733). This means as the contactor becomes responsible for more project activities or for later phases of project delivery, it becomes more important to minimize the interruption and cost of validating a facility or system's regulatory compliance. In fact, with a one level increase in this characteristic, the importance of this value interest increases by a factor of 2.925. The model results also revealed an unexpected relationship between the "optimum cost" value interest and the "involvement" characteristic. The parameter estimate (0.2413) indicates that as the involvement of the owner in project activities increases, the importance of balancing the project cost with other critical value interests (see Table 1 for the definition of "optimal cost") also increases. Similarly, as indicated by the parameter estimate (0.3483), as the "location" of the project becomes farther from existing operations and existing infrastructure becomes more limited, the importance of the value interest "experience with regulatory compliance" increases.
SUMMARY AND CONCLUSIONS
The objective of the CII study was to develop a model which could assist an owner in identifying the value interests that are important to their unique project. To this aim, data on 190 projects was collected from 83 industry professionals. The model was then developed to test the relationships between 11 high-level project characteristics and 48 value interests. The model results showed that indeed project characteristics drive the selection of value interests. With the establishment of this relationship, project managers can benchmark their projects with industry data. The model was tested both statistically and empirically and found to produce recommendations commensurate to those made by the survey participants.
While discussion of the use of this model was limited to that of an owner that wishes to identify the value interests pertinent to their projects, there are numerous other uses of this model. One is the utilization by a contractor that wants to identify an owner's value interests in order to customize their proposed project response strategy and meet the owner's expectations. Another use is during contract negotiations or early in project development as an external alignment exercise to ensure all team members (owners and contractors) are aligned behind a common set of project goals. In the event project conditions change during execution, the model can be revisited to ensure the set of value interests identified at the onset of the project are still representative of the project's value objectives and the owner's expectations. Clearly, the model is useful during all project phases from early project development to post project delivery.
